Introduction
A pressure ulcer is a localized injury to the skin and/or underlying tissue, typically developing over a bony prominence as a result of pressure, or continuous pressure in combination with friction and shear. 1 The incidence of pressure ulcers varies among countries and hospitals, with overall prevalence rates of 12.3-17% in acute care patients and incidence ranges of 0.4-38.0% in acute-care hospitals, 2.2-23.9% in long-term nursing facilities, and 0-17% in home care in the United States. [2] [3] [4] [5] The incidence of pressure ulcers during hospitalization in Korea is difficult to determine because no national reporting system has been established. However, the incidence rates of pressure ulcers in individual studies range from 0.5% to 45.5%, depending on the medical institution. 6 Because of the increase in the elderly population, which is most at risk of pressure ulcers, rates are expected to continue to increase. 7 Pressure ulcers have negative effects on health status (e.g. extreme discomfort, pain, potentially life-threatening infections) and patient quality of life, as well as healthcare costs. 8, 9 Thus, effective management of pressure ulcers is needed to promote healing, shorten healing time, minimize the risk of complications and increase the likelihood of complete healing. 5, 10 In the management of pressure ulcers, a healthcare team approach is important. In particular, nurses play important roles because they assess patient risk factors for pressure ulcers at admission, recognize the sites of pressure ulcers during routine daily nursing work, identify the stages of pressure ulcers that can be prevented by assessing changes in patient skin condition, and provide necessary preventive interventions to avoid the worsening of pressure ulcers. 11, 12 These procedures can be done without difficulty in the hospital or nursing-home settings where nurses work, but not in home-care or community settings. Long-term care insurance (LTCI) was introduced in Korea in 2008 to improve the health and livelihood stability of people who experience difficulties in daily life by themselves because of old age (!65 years) or senile diseases, such as dementia and stroke, to relieve the burden on the family and ultimately to improve the national quality of life. 13 LTCI beneficiaries are selected through a 52-item screening tool and a scoring system counting required care time and intensity. This tool consists of the government-certified disability index including the five dimensions of physical functions, cognitive functions, demand for nursing, demand for rehabilitation and behavioral problems. All LTCI beneficiaries should be reexamined 1 year after they are assessed as beneficiaries. If they receive the same rating as before, the following re-evaluation takes place after 2-3 years. In contrast, if they receive a different rating, the following re-evaluation takes place after a year.
LTCI services are divided into long-term facility care and home care. Home-visit nursing services, one class of home-care services, are provided for people who need nursing care, including care for pressure ulcers. Many studies have focused on the incidence and prevention of pressure ulcers in medical care settings 7, [14] [15] [16] and the effect of home-visit nursing services in home care settings. [17] [18] [19] [20] However, few studies have examined the association between home-visit nursing services and health outcomes for patients with pressure ulcers in home-care settings. 13 Thus, we examined the relationship between home-visit nursing services and hospitalization related to pressure ulcers among LTCI beneficiaries with pressure ulcers in home-care settings.
Methods

Study population
This study used National Aging Cohort data, including data from all medical claims under the National Health Insurance (NHI) from 2002 to 2013, long-term care service claims under LTCI and assessment data for the selection of LTCI beneficiaries from 2008 to 2013, released by the Korean National Health Insurance Service (NHIS) in 2016. Health care providers in Korea have been reimbursed by the regulated fee-for-service system. Any patient can receive appropriate medical services at any healthcare institution, from clinics in his/her community to hospitals. This means that patients can choose and retain an individual physician. 21 After consulting patients, providers submit claims to the Health Insurance Review & Assessment Service for review of medical fees. The National Health Insurance Corporation may reimburse the claim. 22 Therefore, the National Health Information Database is generated using participants' medical bill claimed by health care providers and contains personal information, including demographics. 23 The NHIS maintains and stores these records for all Korean citizens. For research and policy development, the NHIS constructed the National Aging Cohort data, which does not require privacy regulation. The data include those from a simple random nationally representative sample of 558 147 people aged ! 60 years ($10.0% of the entire population aged !60 years) who were members of the NHI in 2002.
To analyze the association between home-visit nursing services and hospitalization related to pressure ulcers, we limited the study population to LTCI beneficiaries requiring nursing care for pressure ulcers and receiving home-care services, including home-visit nursing services, at least once between 2008 and 2013. Because eligibility tests for LTCI could be measured repeatedly, when beneficiaries were no longer in need of nursing care for pressure ulcers when measurements were repeated, only claims data during the period when nursing care for pressure ulcers was needed were included in the analyses.
Since the data are completely anonymous and contain private information, the study protocol was not subjected to review by the institutional review board. However, we received permission from the NHIS review committee to access and use their records. In addition, the study followed ethical principles and was performed in compliance with national regulations.
Measures
The outcome variable was hospitalization related to pressure ulcers after the use of home-care services under LTCI. We identified the date of each beneficiary's first home-care service use during the study period, and we followed each beneficiary from this date to the first date of all-cause admission to a hospital or long-term care facility. Among all admissions, only hospitalization related to pressure ulcers was defined as an event. LTCI beneficiaries who were not admitted to hospitals or long-term care facilities after using home-care services were followed for 1 year after the last home-care service use. Hospitalization related to pressure ulcers was based on a primary or secondary diagnosis (L89.Ã of the International Classification of Diseases groupings).
The primary independent variable of interest related to hospitalization due to pressure ulcers was home-visit nursing service use, which was identified for each claim. LTCI beneficiaries who did not use home-visit nursing services or who used other home-care services at least once were identified. Home-care services provided via LTCI include home-visit nursing, home-visit care (help with housekeeping and provision of personal care services), home-visit bathing, day and night care (8-12 h of continuous day or night home care provided by long-term care centers), short-term respite care and welfare equipment rental services.
For the analysis, we adjusted for the following possible confounders: gender, age, income, residence, Charlson comorbidity index (CCI), other required nursing care, activities of daily living (ADL) score, cognitive function score, rehabilitation function score, caregiver and study year. Income was divided into medical aid and the three NHI categorizations. People with single-family household incomes <$600 per month qualify for medical aid. Others are required to join the NHI scheme. Low income was defined as the bottom 20% of health insurance premiums, middle income was defined as 20-80% of the premiums, and high income was defined as the top 20% of the premiums. The CCI was used to account for the effects of comorbid disorders and diseases, and was calculated based on the dates of procedures using Quan's methods; 19 diseases were given scores of 1, 2, 3 or 6 and the CCI was then calculated from the sum of all scores. Other required nursing care included that related to tracheostomy, suction, O 2 therapy, tube feeding, pain due to cancer, Foley catheter, colostomy, hemodialysis and diabetic foot. The ADL score was calculated using 13 items. Total scores used in the analysis ranged from 0 to 26 (Cronbach's = 0.90), with higher total scores indicating more dependency in physical function. The cognitive function score was calculated using 10 items. Scores of 0 or 1 were given, with total scores ranging from 0 to 10 (Cronbach's = 0.79). Higher total scores indicate lower cognitive function. The rehabilitation function score was calculated using 10 items: four items related to movement disorders (right/left Â upper/lower limbs) and six items related to joint contracture (shoulder, elbow, wrist/finger, hip, knee and ankle). Total scores ranged from 0 to 20 (Cronbach's = 0.80), with higher scores indicating greater obstacles and limitations in rehabilitation function.
Statistical analysis
We determined the distributions of categorical variables by examining frequencies and percentages, and those of continuous variables by examining means and standard deviations. Then, 2 tests were used to compare categorical variables and t-tests were used for continuous variables. The association between hospitalization related to pressure ulcers and home-visit nursing was assessed using multiple logistic regression, with generalized estimating equations. Repeated measures were considered because each claim for home-care services was included in the analysis. Subgroup analyses were also performed to assess whether the effect of homevisit nursing on hospitalization related to pressure ulcers depended on ADL, cognitive function or rehabilitation function scores. As those scores were continuous variables, they were first categorized according to their median values. All statistical analyses were performed using the SAS software (ver. 9.3; SAS Institute, Inc., Cary, NC, USA). All P values were two sided and were considered to indicate significance when P < 0.05.
Results
Among 4807 LTCI beneficiaries with pressure ulcers, 859 (17.9%) were admitted to hospitals during the study period. Table 1 shows the general characteristics of the study population at baseline, when using home-care services for the first time. In total, 384 (8.0%) LTCI beneficiaries with pressure ulcers used home-visit nursing services more than once. The sample comprised 1882 (39.2%) men and 2914 (60.8%) women with a mean age of 81.0 years. More than half (74.8%) of the sample required no nursing care other than that for their pressure ulcers. Most were in the middle-income group and lived in urban areas (69.1%). The mean ADL, cognitive function and rehabilitation scores were 16.5, 5.6 and 6.5, respectively.
Results of logistic regression conducted to investigate the relationship between hospitalization related to pressure ulcers and homevisit nursing services are shown in table 2. Home-visit nursing service use was associated significantly with a lower risk of hospitalization related to pressure ulcers (odds ratio [OR] = 0.68, 95% confidence interval [CI] = 0.49-0.93; reference, no use). Older beneficiaries had a lower risk of hospitalization (OR = 0.99, 95% CI = 0.98-1.00). LTCI beneficiaries living in rural areas had a higher risk of hospitalization than did those living in urban areas (OR = 1.24, 95% CI = 1.07-1.44). Higher CCIs were associated positively with hospitalization (CCI 1: OR = 1.23, 95% CI = 1.02-1.48; CCI 2: OR = 1.32, 95% CI = 1.10-1.58; reference, CCI 0), and beneficiaries with other nursing care needs had a higher risk of hospitalization related to pressure ulcers (OR = 1.37, 95% CI = 1.15-1.62; reference, no other nursing care need). Higher ADL scores were associated positively with hospitalization (OR = 1.03, 95% CI = 1.02-1.05). In addition, higher rehabilitation function scores were associated with a higher risk of hospitalization (OR = 1.03, 95% CI = 1.01-1.05).
We also performed a subgroup analysis using the median values of ADL, cognitive function and rehabilitation function scores (table 3) . Home-visit nursing service use was associated with hospitalization related to pressure ulcers in LTCI beneficiaries with pressure ulcers who had relatively low scores for ADL (<17: OR = 0.34, 95% CI = 0.13-0.93), cognitive function (<6: OR = 0.54, 95% CI = 0.33-0.88) and rehabilitation function (<6: OR = 0.49, 95% CI = 0.27-0.87).
Discussion
Patients vulnerable to pressure ulcers include the elderly, stroke victims, those with dementia and people who use wheelchairs or are bedridden: indeed, this group includes almost all patient with impaired mobility or sensation. 10 Because most of these risk factors for pressure ulcers are chronic, treatment needs to be timely and appropriate to improve patient outcomes and quality of life in the event that a pressure ulcer occurs. 24 However, LTCI beneficiaries living at home may not be managed appropriately with respect to pressure ulcers by appropriate healthcare professionals. Thus, we investigated the role of home-visit nursing services in South Korea. This study showed that home-visit nursing services reduced hospitalization related to pressure ulcers in LTCI beneficiaries with pressure ulcers who stayed at home. These findings suggest that home-visit nursing services did help to prevent the worsening of pressure ulcers because progression from home care to hospitalization would indicate a requirement for more intensive care due to worsening patient status. Our results support those of previous studies, which have demonstrated that home-visit nursing services effectively helped people live in the community and reduced admissions and readmissions through the management of chronic diseases and provision of therapeutic services. 25, 26 Patients receiving pressure ulcer management require regular review and assessment; dressings need to be changed to meet the needs of the rapidly changing wound environment. Patients' living environments also need to be considered. Moreover, some patients demonstrate a lack of knowledge and understanding about pressure ulcer development and prevention, suggesting a need for greater knowledge. Specifically, patients need more information about causes, risks, prevention, physiological processes and treatment interventions. 24 In response to those needs, home-visit nursing provides services through face-to-face interaction, including multidimensional assessments of LTCI beneficiaries' wound status and living environment, identification of needs and strengths, specific recommendations for patients and their caregivers aimed at promoting healing, and multiple follow-up contacts, if necessary, to address these recommendations. 19, 27 In addition, as shown in our subgroup analysis, home-visit nursing service use was associated with a lower risk of hospitalization due to pressure ulcers among LTCI beneficiaries staying at home who had lower ADL, cognitive function and rehabilitation function scores. These findings suggest that home-visit nursing service use had a greater positive effect on LTCI beneficiaries with mildly impaired mobility and cognitive function than on those with more severe conditions. Thus, the management of LTCI beneficiaries with pressure ulcers and mildly impaired mobility and cognitive function through home-visit nursing could be an effective way to prevent the worsening of pressure ulcers and an increase in associated healthcare expenditures.
Home care services are to allow the elderly to live in their communities for as long as possible. Community nurses including home-visiting nurses play a role in improving the health of their communities and may help eliminate disparities in health by counseling and facilitating access to care. Despite the positive effects of home-visit nursing, home-care services in Korea are focused on home-visit care and home-visit bathing. Facilities providing these two home-care services account for >80% of the total of 22 921 home-care service facilities, and their numbers are increasing. However, the numbers of home-visit nursing service facilities are decreasing (787 in 2009, 626 in 2012 and 574 in 2015) because only 66.2% of all such facilities provide home-visit nursing services, and only 2.0% of all home-care service users received home-visit nursing services. 28 Indeed, as seen in our results, only 8.0% of LTCI beneficiaries with pressure ulcers received home-visit nursing services. This finding might be interpreted as demonstrating that home-visit nursing services, the only community-based healthcare services under LTCI, is not being operated very effectively and does not meet the purposes of LTCI, which are to treat and prevent chronic diseases and to resolve medical blind spots in LTCI beneficiaries. Thus, health policy makers and decision makers need to consider providing more support to home-visit nursing services and establishing alternative ways to activate these services in Korea.
In addition, quality management and effectiveness evaluation need to be properly conducted for the efficient management of home-visit nursing services. According to Act on long-term care insurance for older persons, nurses who care for the elderly at home can provide health or care management as well as direct provision of care. However, as the requirement of home-visit nursing services is investigated, focusing on direct provision of care, there is a limit to identifying nursing needs such as education or counseling and performing preventive intervention. 13, 27 Furthermore, in the current home-visit nursing service system, there is no specific evaluation system for the provided care, although LTCI beneficiaries receive home-visit nursing services. 29 Therefore, it is necessary to develop a more comprehensive evaluation method of nursing care needs and a detailed evaluation system of the content, quality and satisfaction with the use of home-visit nursing services provided to LTCI beneficiaries.
This study has some limitations related to limited data and methodological issues. First, we were unable to consider the incidence date and severity of pressure ulcers, which could affect the worsening of these lesions, because that information was not included in the dataset. However, we adjusted individuals' ADL, cognitive function and rehabilitation function scores to reflect the severity of pressure ulcers and health status. In addition, the quality and quantity of home-care services, including home-visit nursing services, could not be controlled because the dataset did not include specific details on services. Finally, other possible confounders, such as education level, marital status and health behavior, may have affected the results.
Despite these limitations, our results are helpful for the establishment of effective evidence-based strategies for home-care services under the LTCI system. Additionally, pressure ulcers are expected to become more prevalent in LTCI beneficiaries in South Korea, and our results can be used to improve the management of LTCI beneficiaries with pressure ulcers who stay at home.
In conclusion, our findings suggest that home-visit nursing service use was associated inversely with hospitalization related to pressure ulcers in LTCI beneficiaries with pressure ulcers, particularly among those with mildly impaired mobility. Given the protective role of home-visit nursing services in the management of LTCI beneficiaries with pressure ulcers who stay at home, health policy makers need to consider effective strategies for the activation of home-visit nursing services in South Korea.
